If an ectodermal origin of the antennary and maxillary glands be confirmed in Crustacea generally, then we should be led to regard these structures as nephridia, which have lost their primitive connection with a coelom, and the end-sac would be looked upon as equivalent to the " flame-cell" of a typical intracellular nephridium.
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The object of this paper is to investigate the growth of magnetism in an iron cylinder when the magnetising force is alternating. The shielding effect of induced currents in plates of iron has been dealt with theoretically by Professor J. J. Thomson,-* and Professor J. A. Ewing.t The subject has also been dealt with experimentally in the case of an iron cylinder, 4 inches diameter,* with alternating mag netising force and with simple reversal of the magnetising force. A cylinder, 12 inches diameter, has been experimented upon with, simple reversal of magnetising force, § and the shielding effect of induced currents studied. As the exploring coils enclosing elements of the cross-section of this 12-inch magnet are well suited to give the average induction density at four mean radii, the author thought the subject worth further investigation with regard to alternate currents. The magnet is of cast steel, and is shown in sectional elevation in fig. 1 -A section of the 12-inch core on the line AA is given in fig. 2 . Wires have been threaded through the holes drilled in the plane AA, enclosing the areas numbered 1, 2, 3, 4 ( fig. 2) , and another coil (No. 5) surrounds the core. A D'Arsonval galvanometer was placed in each of these five circuits with an adjustable resistance to control the maximum deflection. The deflections of the needles of the five galvanometers were noted simultaneously every four seconds, and were ultimately plotted in terms of time. The magnetising current in the copper coil of the magnet was observed simultaneously with the above on a Weston ampere meter. The current was made to alternate * * * § by means of a liquid (CuS04 dil.) reverser consisting of two oppositely fixed copper plates, each embracing a quadrant of a circle, and two similarly shaped copper plates fixed to a vertical spindle and capable tions could be noted. The speed of rotation was varied, from one revolution in ten to one revolution in two and a half minutes.
The electromotive force curves have been integrated, and therefrom the maximum average induction per sq. cm. of the area considered has been obtained. The data are set forth in the appended table. Since similar magnetic and electric events will happen in different sized cylinders at times varying inversely as the square of their linear dimensions, it is easy to infer what will happen in a cylinder 1 mm.
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diameter. Similar events will happen in this wire at 150 periods | Fjr second, as have been observed in the 12-mch core with a penodie time of ten minutes. A useful way of illustrating the: resultobtam ed is to express in the form of curves the relation between the ma^ mum average B over Area No. 4, that is, near the surface of the^core, and the percentage amounts by which this maximum has to be^duce to give (1) the maximum average over Area Ao. 1, and ( ) mum average over the whole core as given by coil IS o. 5 Th ■ done in figs. 3 and 4, in which the number on each curve re eis o frequency with a 1 mm. wire. Figs. 5 and 6 show the relation between the frequency m complete periods per second for a 1 mm. wire and the same two quantities respectively. Since a plate, with regard to Iron under Alternating Magnetic Force. 221
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induced currents in its substance, is comparable to a wire, the thick ness of the plate being half the diameter of the wire, the above curves may be taken to apply also to a £ mm. plate. In figs. 3, 4 5 6 the C'Imperturerf iout £ " P" im " t W he" *• ^
Mr. E. Wilson. The
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Suppose a transformer core to be built up of 1 mm. wires, or | mm. plates, insulated from one another, the transformer being in action with no currents in its secondary circuit. The reaction of the core upon the primary or magnetising coil will be the rate of change of the average induction over the whole core. The average induction per sq. cm. of a particular wire or plate will differ from the induction per sq. cm. at the surface of such wire or plate by an amount varying with the frequency and with the value of B at the surface. For high and low values of the surface B and a given frequency the average over the whole wire or plate differs less from the maximum at the surface than for intermediate values of the surface B. The relation between the perme ability of the iron and the rate of propagation of magnetism in the iron has been explained in the case of simple reversals* and agrees with what we have just observed. When the limits of B are small, that is, the permeability is small, the magnetism is propagated rapidly. For intermediate values of the limits of B, that is, when the average permeability is large, the rate of propagation is small. With the high limits of B the average permeability is small and the magnetism is propagated more rapidly. Setting aside the subject of magnetic viscosity, we should expect the average B over the whole wire or plate to be equal to the surface B if these induced currents did not exist. The curves show that for a given frequency there is an effect which increases the extent to which equalisation of the induction density over the core may be carried according as the maximum limits of B at the surface are on the lower or higher part of the curve of induction of the material. The dissipation of energy, due to magnetic hysteresis anci induced currents, will likewise be affected since uniform distribution gives minimum dissipation for the same maximum average induction over the whole core.
. , Not only have we to consider the maximum value of the induction density at different parts of the core, but the phase of such induction density. It is not necessary to publish all the curves obtained but as an example one might contrast in figs. 7 and 8 the curves of E.. .. • obtained with periodic times of 10-3 and 2-6 minutes for about the same maximum magnetising force, namely, 9'6 and 9 5. n gs. an 8 the E.M.F. curves are plotted to a scale giving C.br.b. units per sq. cm. of the area embraced by the respective coils, the curve number corresponding with the coil number in fig. 2 . With 10 es periodic time the induction is practically reversed over the whole core bv the time the current has attained its maximum value, v er®'is with 2-6 minutes' periodic time the current is again zero w en e innermost coil (No. 1) is experiencing its maximum E.M.F In first case nearly the whole of the change for each coil aids the average magnet would have upon these induced currents. The magnet was heated by placing Fletcher gas furnaces around it. The heat was applied for about 1 | hours, and the magnet allowed to cool, the electrical resistance of the No. 1 coil was measured, and when it became steady, indicating a temperature of about 53° C., two sets of curves were taken. The points obtained with the heated magnet are indicated by © in figs. 3, 4, 5, 6. In fig. 9 the curves obtained at # 53° C. with a maximum magnetising force H of 8-85, and periodic time 2 6 minutes, are given in order to enable a comparison to be made with fig. 8 . It will be seen that coil No. 1 has an E.M.F. somewhat retarded at the higher temperature. The E.M.F. of this coil also suffers retardation of phase in the experiment with the lower force 2*85, when the magnet is at the higher temperature. Heating the magnet has had the effect of increasing the maximum average value of B at the centre for the same frequency and slightly smaller magnetising force of the same wave-form. The relation between the surface density (No. 4 coil) and the average obtained from coil No. 5 remains practically the same. In this connection it should >e remembered that for the same average over the whole core, a con siderable increase in the induction density at the centre is com pensated by a small decrease at the surface. It appears, then, that raising the temperature of the magnet tends to equalise the maximum induction density over its section. On account of the increased lag of phase of induction as the centre is approached, the maximum average over the whole core is not materially altered for the same surface density. The force due to the current in the magnetising coils is smaller at 53° C. for the same maximum average induction density over the whole core. For a given permeability and hysteresis loss the higher the specific resistance and temperature coefficient the better. It should be mentioned that the potential difference employed in these experiments was 200 volts, the excess over the magnet and liquid reverser being taken up by non-inductive resistance. The area taken for each coil is the actual area of iron in the plane of section, fig. 2 . The areas taken for coils 1, 2, 3, and 4 are 19*8, 8*465, 19*8 and 2T16 sq. cm. respectively. If, instead of these, we take the' areas bounded by the centre lines of the fin ch holes, the diminution of induction density would be 30'6, 52-4, 30'6, and 22 per cent, respec tively. The true correction will not alter the general conclusions arrived at in the paper, and is a function of the permeability of the iion. Ih e figures in the table in italics are the result of taking the increased areas, so that a comparison can be made. The D'Arsonval galvanometers used have slightly different dead-beatness. The least and most dead-beat instruments were placed in series in the No. 1 circuit, when the changes of E.M.F. were most rapid. The instruments ga^ e the same result within the limits of error in observation. A variable still to be dealt with is the wave-form of the magnetising currents.
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